Abstract
Introduction

29
Foamed concrete is a versatile material consisting of either Portland cement paste or cement 30 filler matrix (mortar) with homogeneous pore structure created by entrained air voids roughly 31 0.1-1.0 mm size [1] [2] [3] [4] . Nambiar and Ramamurthy [1] , reported that the introduction of pores 32 inside foamed concrete can be achieved mechanically either by preformed foaming (forming 33 the foam before adding it to the mix) or mix foaming (mixing in a foaming agent). It should 34 be noted that the foamed concrete investigated in this study has been manufactured using the 35 preformed foaming method.
36
The pore structure of cementitious material is a very significant characteristic since it affects 37 properties such as strength and durability due to their dependence on material porosity and 38 permeability [2] . However, determination of the total air void content (porosity) is not 39 sufficient as shape, size and distribution of voids may affect the strength and durability of 40 concrete [5] . 41 Ramamurthy et al [2] , mentioned that the air-void distribution is one of the most significant 42 micro-properties influencing the strength of foamed concrete and concluded that foamed 43 concrete with a narrower air-void size distribution shows higher strength.
44
It seems likely that the pore structure and microstructure of foamed concrete has an important 45 influence on its properties. It is usually classified into gel pores (<10nm), capillary pores 46 (<10μm) and air voids (air entrained and entrapped pores). Although the gel pores do not 47 influence the concrete strength, they are directly related to creep and shrinkage. On the other 48 hand, capillary and other large pores are responsible for reduction in strength and elasticity
49
[1]. In spite of this significant influence, evaluation of foamed concrete pore structure is 50 seldom reported [6] .
51
Nambiar and Ramamurthy [1] and Just and Middendorf [7] both mentioned that the pores of 52 foamed concrete can be measured by several test methods such as: nitrogen gas absorption-53 desorption, optical microscopy with image processing, mercury porosimetry and X ray 54 computed tomography with image processing. In addition, for testing the pore structure and 55 microstructure of foamed concrete, both scanning electron microscopy (SEM) and light 56 microscopy combined with digital imaging were used by Yu et al, [6] . The results from both 57 measurement techniques revealed that the pore diameters were mainly in the range of 100- clarity and contrast between the edges and surfaces of individual foam bubbles, see Figure   103 (2). In addition, the production process of bitumen emulsion involves a surfactant (emulsifier) 104 which surrounds individual bitumen droplets (of size <10 μm) within the water, which is 105 essentially the same mechanism as used in foam production, see Figure ( 3). The result is that 106 the bitumen emulsion will be compatible with the foam and spread easily through the bubble 107 membranes, giving them colour.
108
-Foamed concrete
109
For each foamed concrete mix, 3 slices (50 × 50 × 15mm) were cut from the centres of three 110 cured specimens, perpendicular to the cast face, and used for pore size investigation.
111
To make the boundaries between the air voids and the matrix sharp and easily 112 distinguishable, the specimens were first polished and cleaned to remove any residues. Then,
113
to enhance the contrast, the specimen surfaces were treated by applying two coats of 114 permanent marker ink to them. After placing them in an oven at 50˚C for 4 hrs, a white 115 powder (Sodium bicarbonate) with a minimum particle size 5 μm was pressed into the area contained within each void (see Table 2 ). This is discussed in the next section. 
216
In place of analysis of numbers of bubbles at each diameter, the same data was considered 217 from the prospective of the area of the bubbles in the foam and the concrete images. dense mix the area contained in small pores does not change much at all, indicating that the 238 small bubbles result in small pores without much loss to merged bubbles.
239
In the most dense mix, since the voids merging of larger voids is less than in the lighter 240 mixes, loss of voids must be more effective than their merging in making the mix curve lie 241 above the foam curve within the small diameter range (Figure 12 ).
242
Considering all the foamed concretes in Figure (12 
Conclusion
271
From the tests presented in this paper and based on the above results and discussion, the 272 following conclusions can be drawn:
273
-By treating with bitumen emulsion, a clear image, of foam bubbles shape and 274 distribution, can be captured using an optical microscope.
275
-There is a difference between the size distribution of bubbles within preformed foam 276 and those of pores in foamed concrete mixes.
277
-Compared to the foam bubble size distribution, some larger sized pores were 278 presented in foamed concrete mixes owing to the merging of bubbles during mixing.
279
-Bubble merging in all mixes is relatively significant, the greater merging being 280 observed in the lowest density mixes, but only larger bubbles appear to participate in 281 their merging.
282
-All foamed concrete mixes investigated also contained a higher proportion of small- it is recommended that definition of voids on the basis of area is to be preferred.
296
-From circularity factor results, the evidence for bubbles merging is higher with 297 increased added foam volume (decrease in density).
298
This study has suggested a number of avenues for future research including:
299
-Using different doses of the bitumen emulsion and investigating their effect on the 300 observed bubbles thickness. 
